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(54) Flow rate control for a compressor in a refrigeration cycle 



(57) An electromagnetic control valve (20) of a fast 
response compression volume control apparatus for a 
refrigeration cycle is provided which connects and 
blocks a crank chamber (12) of the compressor to and 
from a discharge chamber (4) such that the differential 
pressure between the crank chamber (12) and a pres- 
sure and the suction chamber is maintained at a prede- 
termined value. The differential pressure is changed by 



changing the electromagnetic force of the electromag- 
netic control valve such that the discharge volume of the 
refrigerant is controlled and the compression volume 
becomes a predetermined one in a prompt action with- 
out a time delay when the electromagnetic force is var- 
ied. 
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Description 

[0001] The present invention relates to a conapres- 
sion volume control apparatus for a refrigeration cycle 
particularly for use in an air-conditioning system of a 
vehicle, including a variable displacement refrigerant 
compressor having a suction chamber connected to a 
low-pressure refrigerant pipe and a refrigerant dis- 
charge chamber connected to a high-pressure refriger- 
ant pipe (2), a refrigerant discharge volume being 
variable by varying the pressure in a pressure adjusting 
chamber of said compressor. 

[0002] As the compressor used in a refrigeration 
cycle of a vehicular air-conditioning system directly is 
coupled to the engine by a belt, the speed of the com- 
pressor cannot be controlled independently. In order to 
achieve an adequate cooling performance without a 
restriction by the momentary engine speed, it is conven- 
tional to use a variable displacement compressor, the 
compression volume or discharge volume of which can 
be altered. 

[0003] Different types of variable displacement 
compressors can be used like the so-called swash plate 
type, the rotary type and the scroll type. By way of an 
example the swash plate type compressor will be 
explained here, It operates with reciprocating pistons by 
rotating a driving oscillating plate provided in the crank 
chamber. The stroke of the pistons is varied by varying 
the inclination angle of said plate with respect to a driv- 
ing shaft. 

[0004] In a swash plate compressor for variable dis- 
placement the crank chamber defines a pressure 
adjusting chamber to vary the displacement of the com- 
pressor for compression volume control. The crank 
chamber pressure conventionally is controlled in associ- 
ation with a change of a suction pressure in order to 
vary the volume. 

[0005] When controlling the volume based on the 
suction pressure, however, a flexible film member like a 
diaphragm or bellows responding to pressure variations 
is used which is placed in a moveable manner in the 
compression volume control apparatus. For that reason 
the apparatus has to be designed large and the costs 
for the apparatus are high. 

[0006] Another volume control apparatus as known 
from Japanese Laid-Open patent publication No. Hei 5- 
87047 is provided with an electromagnetic control valve 
for interconnecting or separating the crank chamber 
defining the pressure adjusting chamber and the suc- 
tion chamber to maintain a differential pressure 
between the crank chamber pressure and the suction 
pressure at a predetermined value, e.g. as selected by 
the adjusted electromagnets force and by spring forces. 
The electromagnetic force of the electromagnetic con- 
trol vah/e is changed to change the value of said differ- 
ential pressure as well. The structure of said control 
valve is simple and compact The apparatus costs are 
fair. 



[0007] Fig. 6 is a line chart showing the "Enthalpy 
versus Refrigerant Pressure" characteristics of a refrig- 
eration cycle. The displacement of the compressor is 
controlled on the basis of a differential pressure Pc - Ps 
5 between the crank chamber pressure Pc and the suc- 
tion pressure Ps. The discharge pressure Pd is then 
changed accordingly which automatically leads to fur- 
ther change of the differential pressure Pc - Ps. Said 
control routine is repeated under feedback control via 
7a the entire refrigeration cycle as a system. Said control 
routine has a shortcoming because a time delay occurs 
for the discharge volume to reach a predetermined 
value when the electromagnetic force of the electro- 
magnetic control valve is changed. The result is that the 
75 compression volume control cannot be carried out 
promptly enough. 

[0008] It is an object of the present irwention to pro- 
vide a fast responding compression volume control 
apparatus for a refrigerating cycle which allows to 

20 achieve a predetermined compression volume promptly 
and without a time delay as soon as the electromagnetic 
force of the electromagnetic control valve is changed. 
[0009] Said task can be achieved with the feature 
combinations of claim 1, claim 2, claim 8 or claim 10. 

25 respectively. 

[001 0] Said electromagnetic control valve connects 
or separates said pressure acljusting chamber from said 
discharge chamber or the suction chamber in order to 
maintain the differential pressure between at least one 

30 of the pressure in the pressure adjusting chamber and 
the pressure in the suction chamber at one side and the 
pressure in the discharge chamber at the other side at a 
predetermined differential pressure value. Said differen- 
tial pressure value is changed by changing the electro- 

35 magnetic force of the electromagnetic control valve in 
order to control the discharge volume of the refrigerant. 
The control routine Is executed on the basis of the level 
of the discharge pressure Pd itself which in turn is 
changed by volume control and feedback control only 

40 carried out by the compressor portion. As soon as the 
electromagnetic force of the electromagnetic control 
vah^e is changed the compression volume promptly 
reaches a predetermined value without a time delay. 
This ensures a fast response compression volume con- 

45 trol. 

[0011] in a first preferred embodiment said electro- 
magnetic control valve exclusively is establishing a con- 
nection or separation between the discharge chamber 
and the pressure adjusting chamber, the pressures in 

50 said discharge chamber and said pressure adjusting 
chambers both are acting counter to said electromag- 
netic force loading said vaVe body in closing direction. 
For decreasing said pressure in said pressure adjusting 
chamber a leakage passage is provided between said 

55 pressure adjusting chamber and said low-pressure suc- 
tion pipe. 

[0012] In another preferred embodiment the pres- 
sure In said discharge chamber is loading said vah^e 
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body in opening direction and counter to the electro- 
magnetic force, while said suction chamber pressure is 
loading said valve body in closing direction. Said pres- 
sure in said pressure adjusting chamber has no influ- 
ence on the loading of the valve body in either direction. 
The necessary leakage path, e.g. between said suction 
chamber and said pressure adjusting chamber, can be 
provided inside said electromagnetic control valve. 
[0013] In another preferred embodiment the pres- 
sure in said discharge chamber is loading said valve 
body in the same direction as said electromagnetic 
force and counter to the pressure in said pressure 
adjusting chamber, while the pressure in said suction 
chamber does not have any Influence on the motion of 
said valve body. 

[0014] In another preferred embodiment the pres- 
sure in said discharge chamber is loading said valve 
body in closing direction and in parallel with said elec- 
tromagnetic force, while said pressure in said pressure 
suction chamber is loading said valve body in opening 
direction and counter to said electromagnetic force. The 
pressure in said pressure adjusting chamber has no 
influence on the motions of said valve body. 
[0015] In a further preferred embodiment a valve 
moveable between an open and closed position is pro- 
vided in the low-pressure suction line upstream of said 
suction chamber. Said valve is pilot operated by an aux- 
iliary valve situated within said electromagnetic control 
valve. Said pilot vah/e is actuated by said electromag- 
netic control valve in order to open and close said valve 
in said low-pressure pipe. 

[0016] Embodiments of the invention will be 
explained with the help of the drawings. In drawings is: 

Rg. 1 cross-sectional views in a block diagram of a 
general structure of a compression volume 
control apparatus for a refrigeration cycle 
(first embodiment). 

Fig. 2 an axial cross-sectional view of a volume 
control valve (second embodiment), 

Fig. 3 an axial cross-sectional view of a volume 
control valve (third embodiment), 

Fig. 4 an axial cross -sectional view of a volume 
control valve (fourth embodiment). 

Fig. 5 an axial cross-sectional view of a volume 
control valve (fifth embodiment), and 

Fig. 6 an characteristic line chart of a refrigeration 
cycle. 

[0017] A swash plate type variable displacement i 
compressor 10 in a air-conditioning refrigeration cycle 
of an automobile is shown in Fig. 1, operating with ordi- 
nary R134A refrigerant or the like. However, the inven- 



tion also can be used for a carbon dioxide refrigeration 
cycle. In an airtight crank chamber defining a pressure 
adjusting chamber 12 of said compressor a rotary shaft 
11 is placed. Shaft 1 1 is driven by a pulley 13. In crank 
5 chamber 12 on shaft 11 an oscillating plate 14 is pro- 
vided inclined in relation to shaft n and rocking in 
accordance with the rotation of shaft 11. Cylinders 15 
arranged in a peripheral portion of crank chamber 12 
and receive pistons 17 which are coupled to said rock- 
70 ing oscillating plate 1 4 by rods 1 8. 

[0018] As soon as oscillating plate 1 4 is rocking the 
pistons 17 reciprocate in cylinders 15. Low-pressure 
refrigerant (suction pressure Ps) is sucked into cylin- 
ders 15 from a suction chamber 3. Said refrigerant is 
75 compressed in cylinders and is discharged under dis- 
charge pressure Pd into a discharge chambers 4. The 
refrigerant reaches suction chamber 3 via suction pipe 1 
from an evaporator (not shown) situated upstream of 
suction chamber 3. High pressure refrigerant is feed via 
20 a discharge pipe 2 towards a condenser (not shown) 
located downstream of discharge chamber 4. 
[0019] The respective inclination angle of oscillating 
plate 14 in relation to shaft 1 1 can be varied by a pres- 
sure Pc in crank chamber 12. By varying the inclination 
25 angle of rocking plate 14 the refrigerant discharge vol- 
ume or the refrigerant compression volume of cylinders 
15 can be varied. Said crank chamber pressure Pc is 
automatically controlled by an electromagnetic control 
valve 20 which is an electromagnetic solenoid control 
30 type. Said controlling takes place in order to execute 
compression volume control. In said control valve 20 an 
electromagnetic coil 21 and a fixed Iron core 22 are pro- 
vided. A valve body 25 and a moveable iron core 23 are 
coupled by an axially moveable rod 24 passing through 
35 fixed iron core 22. Both components are urged from 
both ends by compression coil springs 27 and 28. Seal- 
ing O-rings 29 are provided for sealing purposes. 
[0020] Between a crank chamber passage 5 in the 
body of said control valve 20 and a discharge chamber 
40 passage 6 also provided in the body of said control 
valve 20 a valve seat 26 is formed. Passage 5 is con- 
nected to crank chamber 12. Passage is connected to 
discharge chamber 4. Said valve body 25 is facing valve 
seat 26 from the side of passage 5. Passage 5 and suc- 
<5 tion pipe 1 are connected via a thin leakage path 7, e.g. 
provided in control valve 20 itself, or, as shown, via a 
bypass line containing a small aperture. 
[0021] Valve body 25 is loaded in opening direction 
away from valve seat 26 by a differential pressure Pd - 
50 Pc. The electromagnetic force created by feeding cur- 
rent to electromagnetk: coil 21 and the attraction of 
moveable iron core 23 of said volume control valve 20 
(including the urging forces of compression coil springs 
27 and 28) loads valve body 25 in closing direction 
>5 towards valve seat 26). 

[0022] As soon as the value of current supplied to 
electromagnetic coil 21 is constant, said electromag- 
nets force will be constant as well. Valve body 25 will 
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carry out opening and dosing motions in accordance 
with a variation of differential pressure Pd - Pc in order 
to maintain said differentia! pressure Pd - Pc at least 
substantially constant. This causes that crank chamber 
pressure Pc is controlled to a value corresponding to 
the discharge pressure Pd such that the compression 
volume (discharge volume) Is kept constant. By chang- 
ing the value of the current feed to electromagnetic coil 
21 said electromagnetic force of volume control valve 20 
is changed. The differential pressure Pd - Pc which is to 
be maintained constant also varies accordingly such 
that the compression volume (discharge volume) again 
is maintained constant but at a different level deter- 
mined by said current 

[0023] If the electromagnetic force decreases, the 
differential pressure Pd - Pc which is to be kept constant 
also Is decreasing. This causes that crank chamber 
pressure Pc will rise to approach the value of said dis- 
charge pressure Pd. This reduces the discharge volume 
of the compressor. If the electromagnetic force 
increases the differential pressure Pd - Pc which is to be 
kept constant, also increases. As a consequence, crank 
chamber Pc decreases in a direction to more strongly 
differ from discharge pressure Pd. Said action 
increases the discharge volume. 
[0024] Since said compression volume control is 
executed on the basis of said differential pressure Pd - 
Pc and is also based on the level of the discharge pres- 
sure Pd Itself which in turn directly varies due to said 
volume control. Feedback control is carried out exclu- 
sively by the compressor 1 0. This means that with a var- 
iation of the value of the current supplied to 
electromagnetic coil 21 , no time delay occurs for the dis- 
charge volume to reach a predetermined value. This 
ensures prompt compression volume control. 
[0025] The value of the current supplied to electro- 
magnetic coil 21 is controlled by means of detection sig- 
nals from an engine sensor, sensors for temperatures 
inside and outside a vehicle's cabin, an evaporator sen- 
sor and a plurality of sensors which detect other various 
conditions. Said detection signals are input into a con- 
trol section 40 incorporating a CPU or the like. A control 
signal based on the results of the processing of said 
detection signals then is supplied to the electromagnetic 
coil 21 from control section 40 as the operating current. 
A drive circuit as usually provided for an electromag- 
netic coil 21 is not shown. 

[0026] The volume control valve 20 of Rg. 2 (sec- 
ond embodiment) is provided with the fixed iron core 22 
and the moveable iron core 23 in inversed positions as 
in Fig. 1 . The positional relationship between valve body 
25 and valve seat 26 is reversed accordingly. 
[0027] In this embodiment an increase or decrease 
of the differential pressure Pd - Pc which is to be con- 
trolled constant in association with an increase or 
decrease in the cun-ent supplied to electromagnetic coil 
21 is reversed in comparison to the operation mode of 
the first embodiment. 



[0028] In this embodiment discharge chamber pas- 
sage 6 is connected to a space that faces the rear pres- 
sure receiving side of a piston rod 30 formed integrally 
with valve body 25 at its rear side. Suction chamber 

5 passage 8 connected to suction pipe 1 , leads to a space 
facing the side surface of said piston rod 30 only. Piston 
rod 30 slidabJy crosses a separation wall between pas- 
sages 6 and 8. Crank chamber passage 5 leads to a 
space at the back of valve seat 26 seen from valve body 

10 25. The diameter of piston rod 30 is the same as the 
diameter of valve seat 26 such that their respective 
pressure receiving areas are equal. The influence of 
suction pressure Ps on piston rod 30 and valve body 25 
is pressure balanced or cancelled. Only the differential 

15 pressure Pd - Pc is acting on valve body 25. Motions of 
valve body 25 in relation to valve seat 26 connect and 
block crank passage chamber 5 to and from suction 
chamber passage 8. As soon as valve body 25 has 
reached an open position away from valve seat 26, 

20 crank chamber passage 25 and suction chamber pas- 
sage 8 are interconnected. This leads to a reduction of 
crank chamber pressure Pc. 

[0029] With the value of the current supplied to 
electromagnetic coil 21 maintained constant the electro- 
ns magnetic force of volume control valve 20 is constant as 
well. Valve body 25 carries out opening and closing 
motions in accordance with changes of the differential 
pressure Pd - Pc in order to maintain the differential 
pressure Pd - Pc constant. In accordance therewith 
30 crank chamber pressure Pc is controlled to a value cor- 
responding to the discharge pressure Pd such that the 
compression volume (discharge volume) is kept con- 
stant By changing the value of the current supplied to 
electromagnetic coil 21 the electromagnetic force of vol- 
35 ume control valve 20 is altered. Then the differential 
pressure Pd - Pc which is to be kept constant, is varying 
accordingly. This causes the compression volume (dis- 
charge volume) to change In order to be kept constant 
[0030] In the third embodiment (Fig. 3) in volume 
40 control valve 20 the connection of crank chamber pas- 
sage 5 and suction chamber passage 8 is reversed in 
comparison to the second embodiment. Piston rod 30 
crosses a separation wall between passages 6 and 5. 
Valve body 25 is opened or closed by responding to a 
45 change in the differential pressure Pd - Ps. As soon as 
valve body 25 has reached an open position in relation 
to valve seat 26, crank chamber pressure Pc starts to 
decrease in order to maintain said differential pressure 
Pd - Ps constant If the value of the cunent supplied to 
50 electromagnetic coil 21 is changed, then differential 
pressure Pd - Ps which is to kept constant, is varying 
accordingly. This causes the compression volume (dis- 
charge volume) to change in order to be maintained 
constant 

55 [0031] Even if volume control is executed on the 
basts of differential pressure Pd - Ps said control is 
based on the level of discharge pressure Pd which in 
turn itself is directly varied by volume control. Feedback 
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control exclusively is carried out by the compressor por- 
tion 10 alone. Therefore, pronnpt compression volume 
control is executed. 

[0032] In the fourth embodiment of Fig. 4 the posi- 
tional relationship between the fixed iron core 22 and 
the moveable iron core 23 and between valve body 25 
and valve seat 26 are like the first embodiment. 
[0033] Further, at the rear side of valve body 25 pis- 
ton rod 30 is integrally provided. Piston rod 30 slidably 
crosses a separation wall between passages 5 and 8. 
The pressure receiving area of said piston rod 30 is 
equal to the pressure receiving area of valve seat 26. 
Suction chamber passage 8 is connected to a space 
facing the rear pressure receiving side of piston rod 30, 
Crank chamber passage 5 is connected to a space fac- 
ing the side surface of piston rod 30 only. Discharge 
chamber passage 6 is connected to a space at the rear 
of valve seat 26 seen from valve body 25. 
[0034] Crank chamber pressure Pc is cancelled in 
its axial action on piston rod 30 and valve body 25. 
Valve body 25 carries out opening and closing motions 
only in response to differential pressure Pd - Ps and 
controls the connection between crank chamber 1 2 and 
discharge chamber 4 to execute compression volume 
control. 

[0035] The portion of volume control valve 20 (fifth 
embodiment) in Fig. 5 which is executing the volume 
control is similar to that of the fourth embodiment. In 
addition a pressure sensitive opening/closing valve 50 
is provided in suction pipe 1 upstream of suction cham- 
ber 3. Said valve 50 can be opened or closed by a pilot 
valve provided within volume control valve 20. Said pilot 
valve has an auxiliary valve body 31 which operates in 
conjunction with the motions of valve body 25 and is co- 
acting with a separate valve seat provided in a front end 
chamber of the body of control valve 20. Said chamber 
is connected via a pilot line with the pressure sensitive 
pilot portion of valve 50. As soon as valve body 25 is in 
an open position, said pilot valve body 31 achieves a 
closing position, and vice versa. The pilot pressure for 
valve 50 is derived from pressure Pd. 
[0036] Said opening/closing valve 50 is set to be 
closed as soon as the current for electromagnetic coil 
21 is cut off. This prevents low-pressure refrigerant in 
suction pipe 1 from entering the compressor 10 during a 
minimal operation state, e.g. an operation with only 5% 
of the maximum capacity. The interference of said valve 
50 prevents that fins of the evaporator will be frozen at 
the minimum operation state of the compressor and 
when the cooling load is low as e.g. in wintertime. 
[0037] The invention is not limited to the described 
embodiments. The specific structure of the electromag- 
netic control valve 20 may be designed with various 
modifications. The pressure which is used to form the 
differential pressure with the discharge pressure Pd 
even may be a mixture of the crank chamber pressure 
Pc and the suction pressure Ps. The invention can be 
employed to volume control apparatuses of rotary type 



or scroll type variable displacement compressors as 
well. 

Claims 

5 

1. A compression volume control apparatus for a 
refrigeration cycle, including a variable displace- 
ment refrigerant compressor (10) having a suction 
chamber (3) connected to a low-pressure refriger- 
10 ant pipe (1), and a refrigerant discharge chamber 
(4) connected to a high-pressure refrigerant pipe 
(2), the refrigerant discharge volume being variable 
by varying the pressure (Pc) in a pressure adjusting 
chamber (12) of said compressor, characterised in 
15 that an electromagnetic control valve (20) operat- 
ing by electromagnetic force is provided in a flow 
connection between said pressure adjusting cham- 
ber (12) and either said discharge chamber (4) or 
said suction chamber (3), respectively, said electro- 
20 magnetic control valve (20) controlling a differential 
pressure between at least one of the pressure (Pc) 
in said pressure adjusting chamber (12) and the 
pressure (Ps) in said suction chamber (3) at one 
side and the pressure (Pd) in said discharge cham- 
ps ber (4) at the other side to a predetennined differen- 
tial pressure value (Pd - Pc or Pd - Ps) to control 
said refrigerant discharge volume, said differential 
pressure value being variable by varying said elec- 
tromagnetic force of said electromagnetic control 
30 valve (20). 

2. A compression volume control apparatus for a 
refrigeration cycle, including a variable displace- 
ment refrigerant compressor (10) having a suction 

35 chamber (3) connected to a low-pressure refriger- 
ant pipe (1 ). and a refrigerant discharge chamber 
(4) connected to a high-pressure refrigerant pipe 
(2), the refrigerant discharge volume being variable 
by varying the pressure (Pc) in a pressure adjusting 

40 chamber (12) of said compressor and an electro- 
magnetic control valve (20) with a valve body (26) 
loaded at least by said electromagnetic force 
towards a valve seat (26) provided in a flow connec- 
tion between separated passages connected to 

45 regions of said compressor having differing pres- 
sure states, said valve body (25) by co-action with 
said valve seat (26) maintaining a predetermined 
differential pressure substantially at a predeter- 
mined differential pressure value in proportion to 

50 said electromagnetic force, said predetermined dif- 
ferential pressure value being variable by varying 
the magnetic force of said electromagnetic control 
valve, characterised in that said valve seat (26) is 
provided between a passage (5) connected to said 

55 pressure adjusting chamber (1 2) and a passage (6) 
connected to said discharge chamber (4), that said 
valve body (25) is facing said valve seat (26) from 
the side of said passage (5), and that said electro- 
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magnetic force loads said valve body (25) in closing 
direction towards said valve seat (26) and counter 
to the pressure (Pd) in said passage (6). 

3. The conapression volume control apparatus accord- s 
ing to clatnn 2, characterised in that a leakage 
path (7) is provided between said passage (5) and 
said suction chamber line (1 ). 

4. The compression volume control apparatus as in io 
claim 2, characterised In that the pressure (Pd) at 
said passage (6) and the pressure (Pc) at said pas- 
sage (5) both are loading said valve body (25) in 
opening direction and counter to said electromag- 
netic force. is 

5. The compression volume control apparatus as in 
claim 1 or claim 2, characterised in that front and 
rear spaces adjacent to said valve seat (26) are 
connected to said passages (5, 6) connected to 20 
said discharge chamber (4) and said pressure 
adjusting chamber (12). and that said valve body 
(25) is performing opening and closing operations 

by a differential pressure between said pressure 
(Pd) in said discharge chamber (4) and said pres- 25 
sure (Pc) in said pressure adjusting chamber (12) 
by opening and closing the flow connection 
between said pressure adjusting chamber (12) and 
said discharge chamber (4). 

30 

6. The compression volume control apparatus accord- 
ing to daim 2, characterised in that the pressure 
(Pd) at said passage (6) is loading said valve body 
(25) in opening direction and counter to said elec- 
tromagnetic force, that the pressure (Pc) at said 35 
passage (5) is balanced on said valve body (25), 
that a leakage path (7) is provided inside said elec- 
tromagnetic control valve (20) between said pas- 
sage (5) and a further passage (8) connected to 
said suction chamber (3), said further passage (8) 40 
provided within said electromagnetic control valve 
(20) at a side of said passage (5) opposite to said 
passage (6), and that the pressure (Ps) at said pas- 
sage (8) loads said valve body (25) in closing direc- 
tion. 45 

7. The compression volume control apparatus accord- 
ing to claim 1 or claim 2, characterised in that a 
piston rod (30) is provided integral with said valve 
body (25) at the rear side thereof, a space defining so 
said passage (8) connected to said suction cham- 
ber (3) is facing a rear pressure receiving side of 
said piston rod (30), a space defining said passage 

(5) connected to said pressure adjusting chamber 
(12) is facing a side surface of said piston rod (30) 55 
to cancel said pressure (Pc) of said pressure 
adjusting chamber (12) to act axially on said piston 
rod (30), and a space defining said passage (6) 



connected to said discharge chamber (4) is pro- 
vided at the rear side of said valve seat (26) seen 
from said valve body side, such that said valve body 
(25) perfonms opening and closing operations by 
the differential pressure between said pressure 
(Pd) in said discharge chamber (4) and said pres- 
sure (Ps) in said suction chamber (3) opening and 
closing the flow connection between said pressure 
adjusting chamber (12) and said discharge cham- 
ber (4). 

8. A compression volume control apparatus for a 
refrigeration cycle, including a variable displace- 
ment refrigerant compressor (10) having a suction 
chamber (3) connected to a low-pressure refriger- 
ant pipe (1), and a refrigerant discharge chamber 
(4) connected to a high-pressure refrigerant pipe 
(2), the refrigerant discharge volume being variable 
by varying the pressure (Pc) in a pressure adjusting 
chamber (12) of said compressor, and an electro- 
magnetic control valve (20) with a valve body (25) 
loaded at least by said electromagnetic force 
towards a valve seat (26) provided in a flow connec- 
tion between separated passages connected to 
regions of said compressor having differing pres- 
sure states, said valve body (25) by co-action with 
said valve seat (26) maintaining a predetermined 
differentia! pressure substantially at a predeter- 
mined differential pressure value in proportion to 
said electromagnetic force, said predetermined dif- 
ferential pressure value being variable by varying 
the magnetic force of said electromagnetic control 
valve, characterised in that said valve seat (26) is 
provided between a passage (5) connected to said 
pressure adjusting chamber (12) and a passage (8) 
connected to said suction chamber (3), that said 
valve body (25) faces said valve seat (26) at the 
side of said passage (8), that said valve body (25) 
has an axial piston rod (30) extending from said 
passage (8) through a separation wall into a further 
separate passage (6) connected to said discharge 
chamber (4), that the pressure (Ps) at said passage 
(8) is balanced at said valve body (25) and piston 
rod (30), that the pressure (Pd) at said passage (6) 
and said electromagnetic force both are loading 
said valve body (25) in closing direction towards 
said valve seat (26), and that the pressure (Pc) at 
said passage (5) is loading said valve body (25) in 
opening direction. 

9, The compression volume control apparatus accord- 
ing to claim 1 or claim 8, characterised in that a 
piston rod (30) is provided integral with said valve 
body (25) at the rear side thereof, a space defining 
said passage (6) connected to said discharge 
chamber (4) is facing a rear pressure receiving side 
of said piston rod (30), a space defming said pas- 
sage (8) connected to said suction chamber (3) is 
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facing a side surface of said piston rod (30) to can- 
cel said pressure (Ps) in said suction chamber (3) 
to axially act on said piston rod (30) and said valve 
body (25), and a space defining said passage (5) 
connected to said pressure adjusting chamber (12) 5 
is provided at a rear side of said valve seat (26) 
seen from said vatve body side, such that said valve 
body (25) performs opening and closing operations 
by responding to a differential pressures between 
said pressure (Pd) in said discharge chamber (4) 10 
and said pressure (Pc) in said pressure adjusting 
chamber (12) by opening and closing said flow con- 
nection between said pressure adjusting chamber 
(12) and said suction chamber (3). 

15 

10. A compression volume control apparatus for a 
refrigeration cycle, including a variable displace- 
ment refrigerant compressor (10) having a suction 
chamber (3) connected to a low-pressure refriger- 
ant pipe (1), and a refrigerant discharge chamber 20 

(4) connected to a high-pressure refrigerant pipe 
(2), the refrigerant discharge volume being variable 
by varying the pressure (Pc) in a pressure adjusting 
chamber (12) of said compressor, and a electro- 
magnetic control valve (20) and an electromagnetic 25 
control valve (20) with a valve body (25) loaded at 
least by said electromagnetic force towards a valve 
seat (26) provided in a flow connection between 
separated passages connected to regions of said 
compressor having differing pressure states, said 30 
valve body (25) by co-action with said valve seat 
(26) maintaining a predetennined differential pres- 
sure substantially at a predetermined differential 
pressure value in proportion to said electromag- 
netic force, said predetemnined differential pressure 35 
value being variable by varying the magnetic force 

of said electromagnetic control valve, character- 
ised In that said valve seat (26) is provided 
between a passage (5) connected to said pressure 
adjusting chamber (12) and a passage (8) con- 40 
nected to said suction chamber (3), that said valve 
body (25) faces said valve seat (26) at the side of 
said passage (5), that said valve body (25) has an 
axial piston rod (30) extending from said passage 

(5) through a separation wall into a further sepa- 45 
rated passage (6) connected to said discharge 
chamber (4), that the pressure (Pc) at said passage 

(5) is pressure balanced at said valve body (25) and 
said piston rod (39), that the pressure (Pd) at said 
passage (6) and said electromagnetic force both so 
are loading said valve body (25) in closing direction 
towards said valve seat (26). and that the pressure 
at said passage (8) is loading said valve body (25) 
in opening direction. 

55 

11. The compression volume control apparatus accord- 
ing to claim 8 or claim 1 0, characterised in that a 
leakage path is provided between said passage (6) 



and said passage (5) or between said passage (6) 
and said passage (8) or between said passages (5) 
and (8). 

12. A compression volume control apparatus according 
to claim 1 or claim 10, characterised in that a pis- 
ton rod (30) is provided integral with said valve body 
(25) at a rear side thereof, a space defining said 
passage (6) connected to said discharge chamber 
(4) is facing a rear pressure receiving side of said 
piston rod (30), a space defining said passage (5) 
connected to said pressure adjusting chamber (12) 
is facing a side surface of said piston rod (30) to 
cancel said pressure (Pc) of said pressure adjust- 
ing chamber to axially act on said piston rod (30) 
and said valve body (25) such that said valve body 
(25) perfonms opening and closing operations by 
response to a differential pressure between said 
pressure (Pd) in said discharge chamber (4) and 
said pressure (Ps) in said suction chamber (3) and 
opens and closes the flow connection between said 
pressure adjusting chamber (12) and said suction 
chamber (3). 

13. The compression volume control apparatus as in 
claim 1 , daim 2, claim 8 or daim 1 0, characterised 
In that at an upstream side of said suction chamber 
(3) an opening/closing valve (50) is provided within 
said low-pressure refrigerant pipe (1), and that an 
auxiliary pilot valve consisting of a valve body (31 ) 
driven by said electromagnetic control valve (20) 
and of a valve seat is provided within said electro- 
magnetic control valve (20) for opening and closing 
said opening/closing valve (50). 

1 4. The compression volume control apparatus accord- 
ing claim 1 or claim 2 or claim 8 or claim 1 0, char- 
acterised In that said pressure adjusting chamber 
(12) is an airtight crank chamber of said compres- 
sor (10) containing an oscillating body (14) pro- 
vided in said crank chamber to change its 
inclination angle with respect to a rotary shaft (11) 
for carrying out an oscillating motion when driven 
by a rotational motion of said rotary shaft (11), and 
that pistons (17) are coupled to said oscillating 
body (14) for reciprocation within cylinders (15) to 
compress refrigerant received from said suction 
chamber (3) and to discharge the compressed 
refrigerant to said discharge chamber (4). 
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